Abstract: Established fertilizer recommendations for wheat is urgently required to enhance the application efficiency of commercial phosphorus (P) fertilizers. This study evaluated the effect of inorganic P combined with some organic supplements i.e., citric acid (CA) or pigeon manure juice (PMJ), on alkaline-calcareous soil as well as plant measurements and phosphorus efficiency parameters of wheat (Triticum durum 'Boussalem'). Different concentrations of P in solution i.e., 0.05, 0.10, 0.15, 0.20, and 0.40 mg l −1 , were worked out theoretically using the Freundlich model. A greenhouse study was conducted on a permanent layout with three replicates. As a result, phosphorus in the control was 0.493 mg P pot −1 . However, in amended pots with organic substances, the averages of P uptake were 0.701 and 0.785 mg P pot −1 , respectively for PMJ and CA treatments. A lower P requirement of 0.195 and 0.245 mg P l −1 may be required in CA and PMJ treatments, compared to the control treatments (0.345 mg P l −1 ). In addition, the phosphorus absorption efficiency (PAE) was higher in the CA and PMJ treatments. So, it is recommended to apply P fertilizers with poultry manure juice as an alternative solution in order to improve the efficiency of inorganic P fertilizers and consequently reduce their application rates in alkaline calcareous soils.
INTRODUCTION
Calcareous sandy soils in arid regions suffer from poor physical and chemical fertility because of their low organic matter content and low water retention beside their poverty (Brady & Weil, 1999) . Calcareous soils containing insufficient amounts of nutrients not only produce economically unacceptable yields, but some most important inputs, particularly P are also used less effectively.
It is well known that wheat is a major cereal crop that feeds most of the world's population, especially the Mediterranean region. It is one of the largest cereal crops in terms of cultivated areas around the world (Royo et al., 2017) .
Phosphorus is one of the more expensive nutrients required for wheat production and its use efficiency is induced by soil properties, especially in calcareous soils, which are dominant in the Mediterranean region. In fear for P deficiency, excess P fertilizers are routinely applied by farmers for producing wheat. However, wheat plants take and use a small amount of phosphorus applied. P use efficiency (PUE) in wheat is only about 5~10 % in the year of addition, where most of the phosphorus added to the soil is fixed (Ma et al., 2005) .
Modern agriculture aims to reduce inputs without reducing yield and quality (Bulgari et al., 2014) . Identification of a suitable alternate technology that can avoid excessive application and improve P use efficiency in agriculture is urgently required.
Additions of farmyard manure to calcareous sandy soil caused significant increases in the amount of phosphorus availability (Amin, 2018) , it increases because the organic amendments consisting many organic acids (Delgado et al., 2002) and which in turn increases available P for plant via inhibiting Ca phosphate precipitation and mobilizing native soil P (Mohanty et al., 2006) . Many studies have reported P sorption inhibition due to site competition and metal complexation by organic acids (Uburger et al., 2011) , animal and green manures (Alamgir et al., 2012) and biosolids (Pinerio et al., 2009) .
At the present time, there is an urgent need to seek strategies by which P fertilizers can be used more effectively in soils rich in calcium carbonate of Algeria, thus, attempting to complement the previous knowledge on the optimization of phosphorus fertilization in the calcareous soil of Algeria (Mihoub et al., 2016; Mihoub et al., 2017; Mihoub et al., 2018) . So, the objectives of this research were to investigate the beneficial effect of integrating P fertilizer with organics substances on combating P deficiency and reducing the reliance on phosphorus fertilizers for wheat cropped on alkaline-calcareous soils.
MATERIALS AND METHODS

SOIL SAMPLE COLLECTION AND PREPARA-TION
Soil samples were collected from the surface layer (at 0-30 cm depth), belonging to a major soil types in Oued Righ (southern Algeria) as Psamment with loamysand textural class located at 33°29ʹ47˝ N, 5°39ʹ39˝ E, this covered a wide range of soil types and characteristics in Oued Righ area. The soil samples were air-dried and ground to pass through a 2 mm-sieve prior to analysis. Samples were analyzed for physicochemical properties like particle size distribution by the pipette method, pH using 1:2.5 soil-water ratio, calcium carbonate (Calcimeter Bernard Method) (Loeppert & Dohnal, 1996) (Watanabe & Olsen, 1965) and concentration was measured by the colorimetric molybdate-ascorbic acid method (Murphy & Riley, 1962) . Studied soil was classified according to USDA soil taxonomy. All analyses were run in triplicate.
PHOSPHORUS ADSORPTION ISOTHERM
Phosphorus adsorption characteristics of the soil were determined in a laboratory. A 4 g soil sample was equilibrated in 40 ml 0.01 M calcium chloride (CaCl 2 ) containing 0, 10, 20, 30, 50, and 100 µg P ml −1 as KH 2 PO 4 and the soil solution ratio was 1:10. Three to four drops of toluene (C 6 H 5 CH 3 ) were added to inhibit microbial activity. The tubes were incubated at 25 °C for one week with 2 hours shaking every day on a reciprocating shaker. At the end of the incubation period, the tubes were centrifuged at 4000 rpm for 10 min and filtered. The P content in the supernatant solution was measured spectrophotometrically using Jenway 6310 spectrophotometer at a wavelength of 800 nm by the colorimetric molybdate-ascorbic acid method (Murphy & Riley, 1962) . The amount of P adsorbed (X) was calculated from the difference between P added and the equilibrium P concentration (C). A logarithmic relationship between (C) and (X) was constructed. Data from the linear log equation were fitted to the following modified Freundlich equation (Fox & Kamprath, 1970) , and P rates were computed against theoretical soil solution P levels (Table 1) .
Adsorption isotherm was modulated by the general form of Freundlich equation as follows:
Where: X : the amount of P sorbed per gram of soil (µg P g −1 soil), C : the concentration of P in equilibrium solution (mg l −1 ), (a) : a constant related to sorption capacity (µg g −1 ), and n : phosphate sorption energy (ml g −1 ).
GREENHOUSE EXPERIMENT
An experiment was conducted at the scientific and technical research center for arid areas (CRSTRA), Algeria using durum wheat 'Boussalem' as a test crop which was planted in pots each containing 1 kg of soil. Treatments consisted of control and four theoretical doses of P application rates to provide desired range of P levels in soil solution were calculated from the Freundlich equations cited above. The treatments included the combinations of inorganic P fertilizer as triple super phosphate (TSP) containing 46 % P 2 O 5 with two organic substances: citric acid solution (CA) at 0.01M and pigeon manure juice (PMJ) at 1/100 (w/v) were extracted according to Ingham (2002) procedure. Some physic-chemical characteristics of theses prepared substances were summarized in Table 2 . Used inorganic fertilizer was finely milled to a fine powder and applied uniformly mixing with the soil in each pot. Fertilizer application rates were 0, 44, 66, 101, and 153 mg P kg −1 corresponding to soil solution P concentration of between 0, 0.05, 0.10, 0.20, 0.40 mg P l −1 . Nitrogen and potassium were applied as (NH 4 ) 2 SO 4 (21 % N) and K 2 SO 4 (50 % K 2 O), respectively to all experimental pots at rates equivalent to 100 mg N kg −1 soil and 100 mg K kg −1 soil.
The pots were placed in the field and arranged in a randomized complete block design (RCBD) with three replications. Before sowing wheat seeds, the treatments were wetted to field capacity by applying 100 ml pot −1 of both organic substances and left to incubate for one week to remove the effects of sample handling (sieving, drying and mixing) and to provide homogeneous mixtures between treatments and organic amendments. Five seeds of wheat were then sown in each pot at a depth of 2.5 cm. The plants were thinned after establishment to two plants per pot. The pots were watered using distilled water to maintain adequate soil moisture for the growing plants as required throughout the growing period and watering was differentiated according to field capacity of each soil.
PLANT MEASUREMENTS AND PHOSPHORUS EFFICIENCY PARAMETERS
The shoot's length (SL, cm) was measured directly in the pots, and then the shoots were harvested after 90 days of seeding by cutting the shoots 0.5 cm above the soil surface, and then the roots were separated from the soil manually to measure the length of the root (RL, cm). The harvested wheat shoots were dried at 80 ºC for 72 hours, then we weighed shoot dry matter yield (SDM, g pot −1 ). The dried wheat shoots were milled to a fine powder and it burned in a muffle furnace for four h at 550 °C tell turn- (Watanabe & Olsen, 1965) and P in the extractant was determined by using the ammonium molybdate-ascorbic acid method described by Murphy and Riley (1962) . Phosphorus uptake (PU, mg P pot −1 ) was calculated by the following equation:
Phosphorus absorption efficiency (PAE, mg mg −1 soil P) was calculated as follows (adapted from Castillo et al., 2013) :
2.5 DATA ANALYSIS
The data collected were pooled up and statistically analyzed by analysis of variance (ANOVA) technique under randomized complete block design. Various statistical computations were performed using Statsoft Statistica Software, 10 th Edition (Statsoft, Tulsa OK).
RESULTS AND DISCUSSION
Selected physicochemical properties of soil are listed in Table 3 . The soil was loamy sand, mildly alkaline and low in organic matter content, typical for calcareous soils. This soil contains high calcium carbonate (20.8 % CaCO 3 ). The low available P suggests apparent P deficiency in soil under study.
SHOOT AND ROOT LENGTH OF WHEAT
There were no significant differences in the shoot and root length among P rates and their combinations with organic materials. While, interaction treatments × P rates indicated significant difference (p < 0.05) in the plant shoot length. However, when compared with the control the shoot and roots length were significantly greater for all the treatments with P fertilizer and their combination with each of organic materials than those for the control (Table 4) .
Mean of shoot length (SL) were increased from 18 cm in control treatments to 18.2 and 19.5 cm in treatments with CA and PMJ, respectively. Mean values of RL were varied from 14.8 cm in control treatments to 15.9 and 16.2 cm when adding CA and PMJ, respectively (Table 5).
The results show that the hypothesis (at a given P rate combined with organic materials will increase biological parameters, available P more than inorganic-P addition solely) can be accepted. Shoot and roots length were significantly greater for all the treatments with P fertilizer and its combination with each of organic materials. Generally, the optimum value of the shoots and roots length has been recorded by using PMJ. This is most likely due to the N added with pigeon manure juice (101 mg l −1 ) which could enhance the vegetative growth of wheat. Growth increment in the PMJ treatments could also be the result of increased microbial growth and activity induced by C addition with the residues which may have included plant growth-promoting microorganisms. Waraich et al. (2015) maximum shoot and root length, respectively for wheat after 40 days of sowing. The combination of P fertilizer with both organic solutions generally improves the availability of P in the soil which stimulates wheat's root development. Kelly et al. (1979) also showed that the root length increased with increasing P rates. P can also stimulate development of lateral roots (Brady & Weil, 2008) .
BIOMASS ACCUMULATION
All treatments in combination with organic substances caused significant increase in the dry yield of wheat (p < 0.01) compared to the control treatment. The nature of the response to the added P depended on the soil and the change in biomass yield with P addition was estimated by plotting SDM against soil solution P levels. In control treatments mean biomass yield was 0.428 g SDM pot −1 . However, it ranged from 0.476 g SDM pot −1 for treatments with PMJ to 0.464 g SDM pot −1 for treatments with CA (Table 5) . Approximately 11.21 % and 8.41 % of the mean SDM yields were increased by combining inorganic P fertilizer with PMJ and CA, respectively over control where no external fertilizer P was applied. This is most likely due to the application of organic substance (PMJ) which provide supplement nutrients (N = 101 mg l −1 ) to plant and increase growth parameters of wheat crop. Li et al. (2003) indicated a positive interaction between nitrogen and phosphorus on wheat growth. Waraich et al. (2015) recorded 1.5 g as the maximum wheat shoot dry mass after 40 days of sowing. Wheat dry matter production is influenced by a number of factors including climatic conditions, the potential fertility of the soil, the dose of seedlings (density) and the variety. For a good result, it is necessary to provide the soil by nutrients as the needs of cultivation in particular, intervention dates. Our results showed that the production of dry matter is influenced by mineral fertilization. Total yield of biomass gradually increased with higher P rates. These results are consistent with those obtained by Mehdi et al. (2007) . Deng et al. (2014) found similar results for maize crop. It was reported that the increase in dry matter production following P application is a result of improved root system (Pellerin et al., 2000) .
WHEAT TISSUE P CONCENTRATIONS AND P UPTAKE
ANOVA indicated significant difference (p < 0.01) of P concentration in the plant tissue of wheat between Each value is the mean of three replicates inorganic P combined with organic materials. Trends of plant tissue P concentration were similar to those of biomass yield which were curvilinear for both treatments with plant P concentration increasing with increased levels of P and organic substances addition. P concentration has recorded an average of 0.100 % in control treatment. However, P concentrations in amended soil were increased to 0.165 % and 0.171 % for PMJ and CA treatments. respectively. Generally, the maximum phosphorus concentration in wheat shoot was 0.199 and 0.241 % which was achieved at an equilibrium P concentration of 0.20 mg P l −1 reported in the literature to be a threshold for many crops. When shoot P concentrations in the present study were compared to those previously published. It appears that at all levels of P supply, shoot P concentrations in wheat were within the adequate range (0.1 and 0.4 %; Grant et al., 2004) . Sarfraz et al. (2009) reported 0.145 % as shoot P concentration of wheat at 0.5 mg P l −1 in soil solution. Increasing P rates and organic substances addition led to an increase of P concentration. These results are in agreement with those of Heidi (2011) who used different levels of poultry manure as a soil amendment. His results showed that P concentration was increased in treatments where only poultry manure was applied as an organic source. Phosphorus uptake was enhanced with increased levels of P and organic substances addition. ANOVA indicated significant difference (p < 0.01) between inorganic P in combination with organic materials for P uptake of wheat. The P uptake in the control pots was 0.428 mg P pot −1 . However, in amended pots with organic substances, the average of P uptake was 0.785 and 0.793 mg P pot −1 after addition of PMJ and CA amendments, respectively (Table 5) . Kizilgoz & Sakin (2010) recorded 1.42 mg pot −1 as the maximum P uptake by wheat grown in a calcareous soil supplied with 120 mg P kg −1 .
PLANT AVAILABILITY OF P
Available P was increased by the combination of P with organic materials, the very lower values of available-P were recorded in the control treatments where P was applied solely. However, integration of either inorganic P with organic materials increased P availability, where the highest available-P values were recorded in PMJ and CA treatments with 20.55 and 17.80 mg kg −1 , respectively and the increase in available-P due to the combined treatments of PMJ and CA was 27.87 and 10.76 %. respectively over control (Fig. 1) .
Organic supplements have been reported to increase P availability in P-fixing soils (Iyamuremye & Dick, 1996; Guppy et al., 2005; Agbenin & Igbokwe, 2006; Gichangi, 2009) . Combining P fertilizer with tested organic substances limits direct exposure of inorganic P to soil. Thus, decreasing sorption reactions and increasing P availabil- ity to plant (Moradi et al., 2012) . The formation of protective layer around inorganic P particles by physically overlapping of P ions or exchange sites thus inhibits their reactivity to some extent (Von Wandruszka, 2006) . Organic anions derived from PMJ decomposition as oxalates react with free Ca 2+ ions in soil and convert it to precipitate of calcium oxalate (CaC 2 O 4 ). Thus, suppressing the activity of Ca 2+ in soil and increasing P availability for plant and its uptake (Ström et al., 2001) . Together, these mechanisms together lower the P fixation process and maintain higher P availability for planting in calcareous soils (Ma & Xu, 2010) . In the present study, the control treatments showed that an average 92 % of the applied P becomes non-extractable after 90 days in studied calcareous soil. However, a decrease of 88 and 89 % in extractable P was noticed in amended soils with PMJ and CA, respectively. Thus, indicating that incorporation of organic materials and P could save some amount of soil available-P over time.
PHOSPHORUS REQUIREMENT OF WHEAT
The efficiency with which P is utilized to produce yield is the amount of P needed in the plant to produce one unit of dry matter (Loneragan & Asher, 1967) . The solution P levels developed for wheat growth were plotted against 95 % relative yield of wheat for the determination of P requirement by the Boundary Line Technique (Ur-Rehman et al., 2002) . Phosphorus efficiency is therefore often called external P requirement i.e. the P content in soil required to produce 95 % of maximum yield. The graph revealed that a lower external P requirement of 0.195 and 0.245 mg P l −1 may be required in CA and PMJ treatments, compared to the control treatments (0.345 mg P l −1 ) for near maximum yield of wheat (95 %) (Fig. 2) . Our results revealed that external (solution) P requirement or critical P solution concentration was in gener- al near to 0.20 mg l −1 reported in the literature to be a threshold for many crops, over which no response to P is observed (Iyamuremye et al., 1996; Nziguheba et al., 1998; Duffera & Robarge, 1999) . Sarfraz et al. (2008) recorded 0.27 mg P l −1 as the P requirement to produce 95 % of maximum yield in a calcareous soil. In this study, amended soil recorded lower values of external P requirement over control. Accordingly, the near maximum yield of wheat (95 %) was obtained at lower solution P level. This might mean that P availability was greater after combining P fertilizers with organic substances. These results are corroborated by the findings of Mihoub et al. (2017) who reported that the application of low molecular mass organic acids along with P fertilizer decreased the P requirements in a calcareous-alkaline soil.
PHOSPHORUS ABSORPTION EFFICIENCY
The P absorption efficiency is an important index in determining use of applied fertilizer by a crop. PAE refers to the ability of crops to take up P from soils. Enhanced P efficiency can be achieved by improved uptake of phosphate from soil (PAE) and by improved productivity per unit P taken up (PUE) (Veneklaas et al., 2012) . Compared to the control treatment, all treatments and their combination with organic substances caused significant increases in phosphorus absorption efficiency (p < 0.01). Figure 3 shows that PAE was higher in the CA than PMJ treatments and increased with increasing P level. Data regarding PAE in the control pots was 0.26 mg mg −1 soil P. However, an average of 0.39 and 0.45 mg mg −1 soil P were recorded in amended pots with PMJ and CA, respectively.
The phosphorus absorption efficiency increased with both organic substances and it was higher in the CA than PMJ treatments and increased with increasing P levels. Integration of P fertilizer with organic substances increased PAE by wheat as 50 and 73 % by PMJ and CA treatments, respectively over the control. This may be related to the strong relationship between PAE and wheat P uptake.
CONCLUSION
Actually, there is an urgent need to seek strategies by which P fertilizers can be used more effectively in different soil types such as calcareous soils where P is currently deficient and where its use is economically feasible. In the current study, the integration of mineral P fertilizers with organics substances showed an improvement of the soil productivity by enhancing the bioavailability of phosphorus and its use efficiency by wheat plants. We recommend fertilizing the calcareous soils via P fertilizers and low-cost organic supplements such as poultry manure juice; this would be conducive to increase phosphorus adsorption efficiency and reduce the use of chemical fertilizers without compromise on yields. Acuña, H., & Inostroza. L. (2012) . Phosphorus efficiency of nat- 
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